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disease

F. Mahieux',2, D. Michelet?, M.-J. Manifacier?, F. Boller?, J. Fermanian® and
A. Guillard

' Service de Neurologie, Hbpital Tenon, Paris, 2 INSERM, U 324, Paris and ® Département de
Statistique Médicale, Hopital Necker, Paris, France

Correspondence to: F. Mahieux, Service de Neurologie, H6pital Tenon, 4 rue de la Chine,
75970 Paris Cedex, France

We have developed a brief screening test aimed at identifying cognitive disorders in Parkinson’s disease. The Mini-Mental
Parkinson derives from the Mini-Mental State Examination of Folstein. It includes seven ordered subsections, with a total
score of 32. A pilot study was conducted in 50 community-dwelling parkinsonian patients, in order to establish its metrological
qualities. Comparisons were made with a neuropsychological battery including several tests widely used in the assessment of
specific cognitive disorders in Parkinson’s disease. The correlations between the Mini-Mental Parkinson and each component
of this battery were substantial, especially for the performance subtests of the WAIS-R (r = 0.62 to 0.72), the Stroop test
(r = 0.65) the 15-objects test (+ = 0.64), the word fluency (+ = 0.63) and the Odd Man Out test ( = 0.61). The validity of
each subtest of the Mini-Mental Parkinson was adequate except for one, based on a word choice, which requires a modification
in French before definitive use. The test-retest reliability was high (» = 0.84). There was a significant difference in the mean
scores in cases with confusional event (22.4), even without current signs of dementia, compared with patients with no such

history (27.2). In conclusion, this brief test is suitable for assessment of parkinsonian patients.
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INTRODUCTION

Cognitive disorders in Parkinson’s disease (PD) have
been studied extensively in recent years (for reviews,
see Brown and Marsden, 1991; Guillard et al., 1991;
Dubois et al., 1991). Attempts to define them more
precisely have led to the development of numerous
tests but there have been growing discrepancies in
experimental design and methods. The increasing
complexity and duration of neuropsychological assess-
ments are two of the main barriers to establishing the
prevalence, incidence and progression of specific cog-
nitive disorders in large populations of PD patients
(Biggins et al., 1992).

In Alzheimer’s disease and related disorders, bed-
side tests such as the Mini-Mental State (MMS)
(Folstein et al., 1975) and Information Memory
Concentration test (Blessed er al.,, 1968) have been
adopted, making it possible to compare data from
different studies, to perform long-term longitudinal
studies on large populations and to screen well-de-
fined population samples for therapeutic trials. These
short tests are especially helpful when patients cannot
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co-operate in longer and more comprehensive assess-
ments. As they stand, these standard batteries are
not fully suitable for evaluating cognitive status in
PD. Indeed, they have been developed with the ex-
plicit aim of screening for dementia of Alzheimer’s
type (DAT) according to its pattern of cognitive
deficits, with aphasia and memory disorders as
prominent features; their cut-off scores have thus
been validated in this setting. However, differences
between the cognitive disorders in PD and DAT
are now well established (Lavernhe et al, 1989;
Sullivan et al., 1989; Dubois et al., 1991). In par-
ticular there are two steps for cognitive disorders
in PD: first, early “subtle” cognitive troubles, qual-
itatively and quantitatively quite different from DAT
impairment; second, it may inconstantly appear
dementia.

A suitable tool for screening specific disorders of
PD needs to be sensitive, but avoid a ceiling effect
since the earlier troubles, and to save some sensitivity
for possible dementia. These criteria are not fulfilled
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TABLE |. Characteristics of the patients

Mean S.D. Range

Age (years) 66.5 8.3 46-83
Gender (M:F) 30:20
Education (years) 11.3 43 519
Duration of PD (years) 8.6 59 0.5-25
Hoehn & Yahr stage 1.7 1.2 05
UPDRS scores

| (cognitive state) 25 23 0-10

Il on (activities of daily living) 8.2 54 0-21

Il off (n = 28) 19.0 8.4 7-42

Ill {motor examination) 17.6 159 2-66
Depression score (CES-D) 18.6 9.3 2-39
Anxiety score (Zung) 38.7 8.3 22-59

TABLE Ill. Mini-Mental Parkinson subsections and scores

Orientation 10
Visual registration 3
Attention/mental control 5
Two-set verbal fluency 3
Visual recall 4
Shifting 4
Concept processing 3

Maximal total score 32

by current bedside tests. Given that need, we have
developed a short bedside test, the Mini-Mental Par-
kinson (MMP), designed specifically to assess the
cognitive disorders in PD, and aimed at identifying
those patients requiring in-depth assessment. Like
the MMS, from which it derives, it consists of serial
subsections evaluating different cognitive domains.
We present the results of a pilot study designed to
validate the MMP.

METHODS

Subjects

We studied 50 PD patients in the neurological ward
and out-patient  clinic of Tenon Hospital, Paris,
France. All gave their written informed consent to
the study and computer analysis of the recorded
data. None had associated neurological disease. Each
patient was rated independently by a senior neurolo-
gist (F.M.) using the Unified Parkinson’s Disease
Rating Scale (UPDRS; Stern, 1988) and the Hoehn
& Yahr scale (Hoehn and Yahr, 1967). The motor
examination (UPDRS-III) score matched the state of
the patients at the time of the MMP to within about
10 min, whether they were in the “on” or the “off”
state. The Center for Epidemiologic Studies—Depres-
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sion (CES-D; Fuhrer and Rouillon, 1989) and Zung
anxiety (Zung, 1971) self-rating scales (French transla-
tion) were filled in by the patients. According to
French cut-off scores (Fuhrer and Rouillon, 1989) 15
patients were considered as slightly depressed; none
fulfilled DSM-III-R criteria for major depressive epi-
sodes. All the patients were taking anti-parkinsonian
medication (dopaminergics in 43 cases and a combina-
tion of dopaminergics and anticholinergics in seven
cases). The patients’ main characteristics are pre-
sented in Table 1.

Materials
The MMP is derived from the Folstein MMS (Folstein
et al., 1975). It includes seven ordered subsections,
each scored as shown in Table II. The reasons for the
modifications are as follows. The modification of the
orientation subtest derives from the known early
difficulties for time estimation due to frontal-related
disorders (Milner and Petridés, 1984) and PD (Pastor
et al., 1992). Memory disturbances in PD appear at a
late stage and seem to be much more complex than
can be revealed by three word learning and recall
(Taylor et al., 1986; Sagar et al., 1988; Raoul et al.,
1992). Thus, the MMP memory subsection was con-
structed to avoid simple categorizations and requires
internal cues (Brown and Marsden, 1991), mental
imagery and visuospatial abilities. The question of the
initial order of presentation was added because of the
known sequencing deficit in PD (Sagar et al., 1988;
Cooper et al., 1993). The subsection “Calculation and
mental control”, presumed to be sensitive to attention
and frontal abilities, was unchanged. Language disor-
ders are slight in early.PD and limited to difficulties in
fluency tasks (Matison et al., 1982; Lees and Smith,
1983). The language subsection of the MMS was
therefore replaced by a single task (two-set fluency)
designed to combine the only well-known language
disorder in PD with a shifting process (Downes et al.,
1993). The design copy task of the MMS was not
used, because it requires motor abilities and thus
leads to a strong potential bias in PD, a disease with
predominant motor symptoms. A specific shifting
task was derived from the Odd Man Out paradigm
(Flowers and Robertson, 1985), given the difficulties
for parkinsonian patients to generate set-shifting
behaviour (Lees and Smith, 1983; Taylor et al.,
1986). The ‘‘concept processing” subsection was
designed to explore cognitive processes, involved
in similarity tasks, that are thought to be sensitive
to dementing processes. Choice was used rather
than free explanation in order to avoid scoring
discrepancies.

The test is thus presented as follows. Orientation is
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FIG. 1 (a) Visual registration cards.
(b) Visual recall cards. (c) Shifting cards.
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constituted by the 10 classic items of the MMS (five
temporal and five spatial) except for the “season”
item, which is replaced by the question “What time is
it?’, with a 1 h tolerance each way. Visual registration
is based on three cards (Fig. la), each representing
two totally unrelated pictures: a living creature plus a
purely geometric shape, a three-dimensional design
plus a letter, and a symbol plus an everyday object.
The three cards are presented in sequence once the
nature of the task has been explained. The score is
based on the number of presentations necessary for
immediate recall of the six images. Precise instruc-
tions for assessment and scoring are given in the
appendix. Attention and mental control are explored
according to the classical Folstein design (serial
sevens and backward spelling, scored on the best of
the two). The two-set verbal fluency task consists of
giving three names of animals beginning with the
same letter. The visual recall test consists of the same
three cards used in the visual registration subsection,
but each with one image missing (Fig. 1b). They are
presented simultaneously, and the task is to remem-
ber the nature and, above all, the position of the
missing pictures and the initial order of presentation.
The mental shifting subsection consists of a card
with four pictures (Fig. 1c). The task is to indicate
which of the four is different from the other three.
The patient is then asked to find another image
which can also be the odd one out and so on, until
he or she finds the four features singling out each of
the four pictures (color, shape, orientation and

size). Concept processing consists of three groups of
three words. In each group, two words belong to the
same semantic category (fruit, clothes, furniture)
while the third is unrelated. The task is to indicate
which two words of each triplet are the most closely
related.

A retest with another rater was performed, al-
though parallel forms were only available for the
“concept processing” subsection. However, instruc-
tions were standardized and typed (see Appendix).

Validation battery

We chose a comprehensive neuropsychological exami-
nation rather to a composite instrument, such as the
Mattis dementia rating scale (Mattis, 1976), to allow
comparisons between precise cognitive functions (de-
fined by the performances at specific tasks) and the
MMP and its subsections.

The comprehensive assessment selected for the vali-
dation included the following tests. (1) A shortened
form of the WAIS-R (Wechsler, 1981) for which
verbal IQs were pro-rated from the vocabulary, com-
prehension, arithmetic and similarities subtests and
performance IQs were pro-rated from the picture
completion, block design and picture arrangement
subtests. Raw scores for all the subtests were used
for the statistical analysis, together with the Verbal
and Performance IQs. (2) A shortened form of the
Wechsler Memory Scale (Wechsler, 1945), including
the digit span and the three subtests involving second-
ary memory (i.e. logical memory, visual memory and
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associate learning). (3) Frontal-sensitive tasks in-
cluded verbal fluency (letter M, and animals), the
words (A), colours (B) and coloured-word (C) tasks
of the Stroop test (Stroop, 1935), each limited to 45 s,
the WCST according to Nelson’s short design
(Nelson, 1976), the Odd Man Out test (only four
successive trials; Flowers and Robertson, 1985) and
the 15-object test whose final score was the number of
objects identified in the 120 s allotted (Pillon et al.,
1989). The patients also underwent the Benton Line
Orientation test (Benton et al., 1978) and the MMS
examination (Folstein et al., 1975). The neuropsycho-
logical battery as well as MMP retest were performed
by a neuropsychologist blind for the MMP test result.

Statistical analysis _

The quantitative variables were described using the
usual parameters: means, (S.D.) and histograms.
Comparison of means of two independent groups
was done using Student’s z-test, and Mann—-Whitney
U test when the assumptions of the r-test were seri-
ously violated. The level of significance was p < 0.05.
The association between two quantitative variables
was described by the Pearson’s product-moment cor-
relation coefficient r, and by Spearman’s rank correla-
tion when the distribution was skewed.

Construct validity of the MMP. The coefficient r
was calculated between the MMP total score and
each test of the validation battery (Parrott, 1991a).
Moreover, the means of the scores obtained by each
patient with and without a history of confusion or
hallucinosis were compared using the t-test for the
MMP total score and U test for its subsections,
assuming these events are predictive for the develop-
ment of dementia (Guillard et al., 1991).

Content validity of the MMP. The Spearman’s
rank coefficient was calculated between each sub-
section of the MMP and each test of the validation
battery.

Factor analysis of the MMP. The initial factor
solution was obtained from the principal components
method and a varimax rotation was performed.

Inter-rater reliability. The intra-class correlation
coefficient was used (Parrott, 1991b; Bartko, 1966).

All the analyses were done using “Statistix” soft-
ware (Analytical Software Inc.).

RESULTS
The mean MMP score for the 50 patients was 26.3
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(S.D. = 3.9), with a range of 16-31. Figure 2 shows
the score distribution histogram, as well as that for
the MMS scores.

Construct validity

The total score of the MMP was significantly corre-
lated with all the tests in the validation battery. The
results of the correlation analyses (r coefficient and p
value) and the raw scores for all tests are summarized
in Table III.

There was no significant correlation between the
MMP and age (r = —0.13) or the anxiety scores
(r = —0.21). Educational level (r = 0.32) and the
CES-D (r = —0.29) and UPDRS-I scores (r = —
0.35) correlated weakly with the MMP (p < 0.05).
The UPDRS-I scores correlated far better with the
CES-D (r = 0.54) and anxiety scores (r = 0.52;
p < 0.001). Seven patients were treated with anti-
cholinergics. There were no substantial changes in
the results with exclusion of these patients.

Nine patients had a history of confusion or halluci-
nosis and a significantly lower mean MMP total
score than the 41 other patients (Student’s t-test;
Table IV). Orientation alone, shifting and the two
memory subsections were the most different subsec-
tions in the two groups.

We also carried out the same correlation analyses

16 19 20 21 22 23 24 25 26 27 28 29 30 31

MMP scores distribution
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16 19 20 21 22 23
MMS Scores distribution
FIG. 2. Histograms of the scores of the MMP and MMS.
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TABLE Iil. Construct validity. Mean raw scores of each test of the
validation battery with corresponding Pearson’s correlation coefficients (r)
with MMP and their level of significancy (p) and r correlation coefficients

with MMS
Variable Raw scores r P MMS
Mean (S.D.) r

Performance 1Q 86.5 (19.5) 0.72 0.001 0.52
Blocks 15.7 (10.5) 0.71 0.001 0.55
Completion 9.4 (5.2) 0.65 0.001 0.53
Stroop C 24.2 (12.0) 0.65 0.001 0.50
15 Objects (N) 11.4 (3.0) 0.64 0.001 0.45
Fluency (letter) 9.2 (5.4) 0.63 0.001 0.44
WMS—Visual 7.3(3.9) 0.63 0.001 0.61
Verbal 1Q 97.7 (17.2) 0.62 0.001 0.37
Arrangement 5.4 (4.4) 0.62 0.001 0.51
Odd Man Out 26.1 (8.0) 0.61 0.001 0.49
Benton 22.5(8.1) 0.61 0.001 0.54
Similarities 14.0 (7.3) 0.60 0.001 0.32
WMS—Associates 13.7 (4.0) 0.60 0.001 0.39
Arithmetic 9.8 (4.4) 0.59 0.001 0.48
Fluency (animals) 16.0 (6.1) 0.55 0.001 0.37
Comprehension 17.3(6.2) 0.54 0.001 0.41
WCST (series) 3.7(2.2) 0.52 0.001 0.37
WMS—Logical 7.8(3.3) 0.48 0.001 0.34
WCST perseverations 7.8(7.7) —-0.44 0.001 -0.27
Vocabulary 41.0 (15.5) 0.43 0.01 0.29
WCST—errors 15.7 (10.6) —-0.42 0.01 -0.17
WMS—Span 9.2(1.9) 0.38 0.01 0.43

TABLE IV. Construct validity. Comparison of MMP and
subsection scores according to history of confusion/hallu-
cinosis with level of significancy (p) for Student’s t-test
(for MMP total score) and Mann-Witney U test (for
subsections). Values are expressed as means (S.D.)

No Confusion/ p

confusion hallucinosis

(n = 41) (n=29)
MMP 27.2(3.1) 224(32) < 0.01
Orientation 9.5(0.8) 8.7 (0.7) <0.03
Registration 1.6 (1.1) 0.7 (0.9) <0.05
Attention 4.8 (0.5) 46(0.7) N.S.
Two-set fluency 2.7 (0.6) 2.4 (0.8) N.S.
Visual recall 29(1.3) 1.4 (1.1) <0.01
Shifting 3.1(1.0) 21(1.1) <0.02
Concept processing 2.7 (0.5) 2.3(0.7) N.S.

between the MMS and each test of the battery. The
r correlation coefficients are summarized in Table
II1.

Content validity

Correlation coefficients of each subsection of the
MMP with each test of the neuropsychological bat-
tery (Table V) showed that: (1) orientation correlated
poorly with only two tasks, including WMS associate
learning; (2) visual registration correlated with all the

memory tests (visual: » = 0.40; associates: r = 0.36;
logical: r = 0.35) and with visuospatial and interfer-
ence control tasks; (3) the “attention and mental
control” (backward spelling) subsection correlated
with the Stroop C, Odd Man Out, fluency and
Benton Line Orientation tests but not with span; (4)
the fluency subsection correlated well with all the
verbal items; (5) visual recall correlated with all the
tests except vocabulary and span; the best correla-
tions were with visuospatial skills and the WMS
visual (r = 0.50); (6) the “shifting” subsection corre-
lated with all the tests except span; the best correla-
tions were with visuospatial tasks, Odd Man Out
(r = 0.52) and WCST (r = 0.41); (7) the “concept
processing” subsection did not correlate with any
verbal, set-shifting or memory subtest. The prin-
cipal components analysis after a varimax rotation
showed four factors explaining 77.9% of the
variance (Table VI). These loadings show that the
factors could be interpreted as follows: the first
factor (33.3%) as visuospatial cognitive processes
and reasoning; the second (18.4%) as the “concept
processing” alone; the third factor (14.4%) as verbal
abilities given that the score for the attention
subsection was, in fact, always that for back-
ward spelling; and the fourth factor (11.8%) to
orientation.
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TABLE V. Content validity. Correlation coefficients of each subsection of the MMP with the validation battery
(Spearman’s rank coefficient): the highest (statistically significant) coefficients

MMP Validation battery
Performance and Memory tasks Set-shifting tasks Verbal tasks
visuospatial tasks
Orientation Associates Stroop C (0.33)
learning (0.29)
Registration Blocks (0.50) Stroop C (0.52) Arithmetic (0.53) and

Attention Benton lines (0.31)

Two-set fluency Arrangement (0.44)

Visual recall 15-objects (0.56) and  Visual memory
Blocks (0.54) (0.50)
Shifting Blocks (0.74) and Visual memory

15 Objects (0.61)
PIQ (0.38) and
Completion (0.33)

(0.57)
Concept processing

Similarities

Odd Man Out (0.37) Fluency letter (0.36)

and Stroop C (0.34)

Stroop C (0.37) Vocabulary (0.47)

and Fluency letter
(0.40)

Fluency letter

(0.54)

Stroop C (0.58) Similarities (0.57)

TABLE VI. Factors loading for each variable in the factor
analysis (orthogonal solution, varimax rotation). Vertical
lines indicates large loadings

Factor Factor Factor Factor
| ] | v

V. Registration 0.85 -0.19 0.11 0.04
Visual recall 0.73 0.11 0.10 0.40
Shifting 0.71 0.39 0.19 -0.11
Concept 0.3 0.92 0.05 0.04
processing
Attention 0.15 -0.13 0.84 0.07
Two-set fluency 0.12 0.27 0.79 0.00
Orientation 0.10 -0.07 0.04 0.96
Percentage of 33.3% 18.4% 144% 118%

the variance
explained by
the factor

Reliability

The inter-rater reliability assessment showed a highly
significant intra-class correlation (0.84; p < 0.001)
for the MMP total score.

DISCUSSION

The MMP total score correlated with each compo-
nent of the neuropsychological battery. The best cor-
relations concerned the WAIS-R performance sub-
tests, Odd Man Out, Stroop, WCST (series), fluency,
15 objects and Benton Line Orientation tests, which
are the most strongly involved in PD cognitive disor-
ders (Lees and Smith, 1983; Sullivan et al., 1989). All
these correlations fell into the “very good”
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(0.61 < r <0.80) range (Feinstein, 1987); others
were only “satisfactory” (0.41 < r < 0.60), but they
were the least specific for PD. In particular, the poor
correlation with the span and vocabulary tests is
consistent with the long-term stability of these param-
eters in PD (Sullivan et al, 1989; Brown and
Marsden, 1991). The increased dispersion of MMP
total scores versus MMS total scores (Fig. 2) provides
strong additional argument for a better sensitivity of
the MMP to earlier specific disorders in PD. More-
over the correlations of the MMS with the tasks
most sensitive to PD-specific disorders appear far
weaker than that of the MMP. The spread of the
correlations and the four factors, in the factor analy-
sis of the MMP, were in keeping with a composite
instrument, an important property given the probable
multidimensional nature of cognitive disorders in PD.
Thus, the global score of the MMP emerged as a
valuable predictor of the results of a wide screening
battery for cognitive disorders in PD. The test-retest
correlation was fully satisfactory.

With regard to the content validity study, the
orientation subsection was the same as in the MMS,
except for the replacement of one item. The correla-
tion analysis failed to show strong links between
orientation and the components of our battery. How-
ever, the orientation subtest of other tools such as
WMS--revised (Wechsler, 1987) is not correlated
with other subtests either. Orientation could be a
relatively specific cognitive function with a poor over-
lap with other tasks. With regard to the visual
memory subsections, Table IV shows that they corre-
lated better with visuospatial tasks and that involving
attention and mental manipulation of data (Brown
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and Marsden, 1991) than with pure memory tasks.
However, the fact that some constructional abilities
are a necessary condition for this task meets our
aims for these subsections. There was no correlation
of the “calculation and mental control” subsection
with the span, usually considered as reflecting atten-
tion. However, there were fair correlations with three
tasks requiring high levels of vigilance and control.
The correlation of the verbal fluency subsection with
verbal items was adequate. The correlations of our
“shifting” subsection with all the visuospatial skills
and the two classical set-shifting tasks seemed ad-
equate. The concept processing subsection did not
correlate with any verbal reasoning task, and consti-
tutes a separate factor in factor analysis. Recognizing
this dimension as important, we shall analyse it more
accurately in the future. Future work will also be
devoted to the study of comparison groups.

In conclusion, the MMP fulfilled most of our
expectations; in particular, it provided an adequate
estimate of the results of most tests used in the
cognitive follow-up of PD patients.
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APPENDIX: INSTRUCTION FOR THE
ADMINISTRATION OF THE MINI-MENTAL
PARKINSON EXAMINATION

Orientation

1. Ask for the date, then ask specifically for parts
omitted and say‘“‘can you also tell me, without look-
ing at your watch, what time it is?”” One point for
each correct element (day, date, month, year, hour).
2. Ask in turn “can you tell me where we are?” One
point for each correct answer (five spatial items ac-
cording to local particularities).

Registration

“Now I shall test your memory. I shall show you
picture cards and I want you to tell me what you see.
Then I shall hide the cards and ask you to recall
them.”” Show the three cards, in order; 3 points if the
patient remembers the images, whatever the order of
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recall. If he or she can’t recall all six, show the cards
again in the same order with the same instructions.
Full recall (whatever the order) at the second attempt
scores 2 points. If necessary, make a third presenta-
tion; 1 point if the third recall is correct.

Attention and mental control

Ask the patient to count backwards from 100 in five
7-point steps. Then, ask him or her to spell the word
“world” backwards (all patients).

Two-set fluency
Ask for the names of three animals beginning with
the same letter (in French, L); 30 s. are allotted.

Recall

Place the three cards simultaneously in a triangle on
the table: “Here are the cards you’ve seen, but one
image is missing from each, can you tell me which it
18?7’ One point per correct position recalled. “And
can you tell me what order they were in?”’ 1 point.

Shifting ‘

“Here are four pictures; can you tell me if one of
them is different from the other three?”’” Then ask
why. If the answer is correct, ask for another, with
the same instructions. Stop when the four characteris-
tics have been found, when the patient fails to find
another one, or when a previously found character-
istic is repeated.

Concept processing

“I shall say three words, and I want you to tell me
which two are most closely related.” In French: train,
bag, boat; then hat, glove, rakes; then orange, carrot,
grapes; 1 point per correct association.
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